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Table 1 Growth of bacterial isolates when exposed to different amounts of copper sulphate from 0 to 2.0 
mM copper. In addition to the seven test isolates of P. syringae pv. porri (Psp), a known positive (P. 
syringae pv. tomato; Pst) and negative (P. syringae pv. syringae; Pss) control for copper tolerance were 
also tested. Bacterial growth was considered positive if the absorbance reading exceeded the threshold 




0  0.25  0.5  1.0  1.5  2.0 
Isolate  OD620nm absorbance 
Pst   0.46  0.49  0.47  0.45  0.05  0.05 
Pss  0.32  0.05  0.04  0.04  0.04  0.05 
Psp38 ‐onion  0.33  0.05  0.05  0.04  0.04  0.05 
Psp39 –onion  0.33  0.06  0.06  0.07  0.05  0.05 
Psp40 –onion  0.32  0.05  0.05  0.05  0.05  0.05 
Psp41 –onion  0.33  0.04  0.04  0.05  0.05  0.05 
Psp42 –onion  0.34  0.05  0.04  0.04  0.04  0.05 
Psp46 ‐onion  0.34  0.05  0.07  0.05  0.05  0.05 
Psp‐leek  0.18  0.04  0.07  0.05  0.05  0.05 
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Table 2 Results from in vivo testing of commercial copper products for control of Pseudomonas syringae pv. 
porri (Psp). Details include information about varieties used, total number of plants tested for each 
treatment, bacterial isolate and variety combination and the percent of plants at each disease severity 
rating. All control plants inoculated with water were rated as 0 and thus not included in the table. Trial 1 
was prick inoculated with Psp and trial 2 was mist inoculated.  











Kocide  18  5.56  22.22  22.22  50.00  high 
Tri‐base blue  19  0.00  68.42  26.32  5.26  low 
No copper  35  8.57  25.71  45.71  20.00  moderate 
Lockyer 
white 
Kocide  22  0.00  54.55  9.09  36.36  low 
Tri‐base blue  27  0.00  48.15  22.22  29.63  low 





Kocide  22  9.09  13.64  0.00  77.27  high 
Tri‐base blue  23  0.00  4.35  4.35  69.57  high 
No copper  48  6.25  0.00  27.08  66.67  high 
Lockyer 
white 
Kocide  31  0.00  19.35  3.23  77.42  high 
Tri‐base blue  22  0.00  4.55  13.64  81.82  high 





Kocide  33  6.06  30.30  45.45  18.18  moderate 
Tri‐base blue  32  0.00  21.88  40.63  37.50  high 
No copper  20  0.00  25.00  35.00  40.00  high 
Lockyer 
white 
Kocide  28  7.14  53.57  25.00  14.29  low 
Tri‐base blue  23  0.00  30.43  39.13  30.43  moderate 





Kocide  37  0.00  10.81  18.92  70.27  high  
Tri‐base blue  18  0.00  5.56  0.00  94.44  high 
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Table 3 Results from in vivo testing of clove oil for control of Pseudomonas syringae pv. porri (Psp). Details 
include total number of plants tested for each isolate treatment combination and the percent of plants at 




0  1  2  3  4 
Clove oil  onion (B1046)  25  0.0  20.0  72.0  8.0  0.0 
leek (DAR75554)  23  0.0  0.0  13.0  69.6  17.4 
Mineral oil  onion (B1046)  24  0.0  29.2  54.2  16.7  0.0 
leek (DAR75554)  19  0.0  10.5  10.5  52.6  26.3 
No oil control  onion (B1046)  23  0.0  4.3  56.5  26.1  13.0 
leek (DAR75554)  19  0.0  0.0  15.8  47.4  36.8 
1 The onion variety used was the known susceptible Rio Red Rock. 2 Disease severity rated as : 0 = wound repair only, 1 = local infection at wound site, 
2 = extension of infection 1‐2 cm from wound, 3 = extension of infection > 2cm from wound and 4 = complete leaf collapse from infection. This is an 



















































































































































































































































































































Figure 1 Red onion plants affected with downy mildew on the left and Bacterial blight of leek on the right. 
In both cases there is a yellowing of leaf tissue but with the bacterial infection it is often the whole leaf and 
always the new leaf, whereas, that caused by the downy mildew fungi is more localised and can occur on 
any leaf.  
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Figure 2 - Shallot leaves showing symptoms of bacterial infection. The leaf is typically affected from the tip 
back with lesions joining together to cause large areas of dying tissue. Within this area, rust-tan coloured 
individual lesions are often seen. These symptoms were caused by infection with Pseudomonas syringae 























































































































































Table 1 The number of plants infected (I) with Pseudomonas syringae pv. porri (Psp) and those which 
subsequently developed the severe yellow leaf symptom (YLS) are also shown. Ratings for disease 







I  YLS  I  YLS  YLS  YLS  YLS 
White 
onion 
Prick  0/15 0/15  10/15  5/15a  6/15  8/15  1/15 
water  0/25  0/25  1/25  0/25  0/25  1/25b  1/25 
Brown 
onion 
Prick  0/21  0/21  7/21  2/21a  5/21  3/21  1/21 













Figure 1 Chart of minimum (blue line) and maximum (red line) temperatures for the duration of the disease 
development experiment. The purple arrow indicates the inoculation date. The remaining arrows 
correspond to the rating dates as outlined in Table 1 (green 10 days, yellow 18 days, orange 5.5 weeks, 
grey 10 weeks and black 13.5 weeks post-inoculation) The yellow leaf symptom was first observed 18 days 









16/05/2015 16/06/2015 16/07/2015 16/08/2015 16/09/2015
Minimum Maximum












Table 2 The number of plants infected (I) with Pseudomonas syringae pv. porri (Psp) and the number 
subsequently showing the severe yellow leaf symptom (YLS) at three, seven and eleven weeks post-
inoculation (PI). Plants were inoculated with a mixed isolate suspension of Psp, or a one-hundredth 
dilution of the this inoculum. 
Inoculum  Replicates 
3 weeks PI  7 weeks PI  11 weeks PI 
I  YLS  YLS  YLS 
Psp 
1  7/10 3/10  2/10  0/10 
2  9/9 3/9  0/9  0/9 
3  9/10 2/10  0/10  0/10 
1:100 Psp 
1  5/8  4/8  0/8  0/8 
2  10/14  0/14  0/14  0/14 
3  6/6  0/6  0/6  0/6 
water 
1  1/15  0/15  0/15  0/15 


















Figure 2 Graph of maximum and minimum temperatures for glasshouse trials. The proportion of plants with 
the yellow leaf symptom (YLS) at various rating time points is shown. The first experiment (exp 1) was 
inoculated on the 25th of August and the second experiment (exp 2) on the 18th of September. 
 
 
Figure 3 Graph of the duration temperatures in glasshouse trials exceeded 20 °C. The proportion of plants 
with the yellow leaf symptom (YLS) at various rating time points is shown. The first experiment (exp 1) 
































































Table 1 List of essential oils sourced for in vitro antibacterial testing. Their antibacterial compounds are 
listed where known. Oils were tested by placing 3 filter paper discs infiltrated with the test oil onto a lawn 
of Pseudomonas syringae pv. porri (Psp) cells. Efficacy is rated as none if there was no zone of inhibition of 
bacterial growth, poor if the zone was 2 mm or less, good if the zone was 2-5 mm and very good if > 5mm. 
Plant species  Common name  Antibacterial compounds1 Efficacy to inhibit 
Psp growth 
Thymus vulgaris   thyme (white)  carvacrol, linalool, thymol  very good 
Origanum vulgare   oregano   carvacrol, thymol  very good 
Ocimum basilicum  basil  eugenol, linalool, citronellol  good 




Salvia officinalis   sage    good 
Foeniculum vulgare Mill   fennel (sweet)    none 



























Table 2 Growth of bacterial isolates when exposed to volatile gases of different essential oils measured by 
absorbance at OD620nm then converted to a percent growth of the control.  
Psp isolate 
clove (% growth)1  lavender (% growth)  oregano (% growth)  thyme (% growth) 
Exp1  Exp2  Exp3  Exp1  Exp2  Exp3  Exp1  Exp2  Exp3  Exp1  Exp2  Exp3 
onion (B1046)  45  79  57  35  35  52  43  88  58  39  86  60 






















Table 3 Growth of bacterial isolates when exposed to different concentrations of clove and lavender oil 
measured by absorbance at OD620nm. The mean rating across all three replicate plates of the three replicate 





  Experiment 1  Experiment 2  Experiment 1  Experiment 2 
broth only  0.255b 0.257c  0.190bc  0.171c 
broth plus 0.5% DMSO  0.278bc  0.258c  0.191bc  0.181cd 
broth plus 0.5% DMSO and 
0.2% (v/v) mineral oil  0.260bc  0.256c  0.204c  0.180cd 
broth plus 0.5% DMSO and 
0.05% (v/v) clove   0.251b  0.335d  0.200bc  0.221e 
broth plus 0.5% DMSO and 
0.1% (v/v) clove   0.258bc  0.189b  0.179b  0.075b 
broth plus0.5% DMSO and 
0.2% (v/v) clove   0.060a  0.057a  0.047a  0.043a 
broth plus0.5% DMSO and 
0.05% (v/v) lavender  0.287bc  0.258c  0.196bc  0.178cd 
broth plus 0.5% DMSO and 
0.1% (v/v) lavender  0.261bc  0.243bc  0.244d  0.198d 
broth plus 0.5% DMSO and 
0.2% (v/v) lavender   0.295c  0.252c  0.271e  0.185cd 
1 Least significant difference (LSD) where letters in common signify no significant difference between the treatments using Fisher’s protected LSD 
method (P = 0.05). 
The efficacy of essential oils to inhibit bacterial growth varies depending on the type of exposure. Lavender oil was 
more effective controlling Psp than clove oil when applied as a volatile but not effective when used as a contact 
bactericide. This was shown through the filter disc contact method and the solution exposure experiments. 
 
